Influence of ethanol on the solubility, ionization and permeation characteristics of ibuprofen in silicone and human skin.
In the context of topical and transdermal delivery, cosolvents may be expected to enhance solubility, modify drug partitioning behaviour and alter skin barrier properties. In the present study, we have investigated systematically the influence of increasing amounts of the cosolvent ethanol on the solubility, ionization, and permeability characteristics of ibuprofen in silicone and in skin. The possibility of ibuprofen self-association was also examined. As the amount of ethanol was raised from 0 to 100%, ibuprofen solubility was enhanced 5,500-fold relative to its aqueous solubility. Up to 50%, the pK(a) of ibuprofen shifted from 4.44 to 5.68. Infrared spectroscopy confirmed the presence of ibuprofen in both monomer and dimer forms in vehicles containing 75 and 100% ethanol. In silicone membranes, the flux of ibuprofen increased 8-fold over the range of ethanol concentrations studied (0-100%) relative to aqueous solutions, with the highest flux observed for 100% ethanol. However, in skin, the flux of ibuprofen was optimal for 50:50 and 75:25 ethanol-water vehicles (>10-fold flux enhancement). The lower ibuprofen flux from pure ethanol may reflect the alcohol's ability to dehydrate human skin. In general, the flux data confirm that increasing ethanol content enhances the solubility of ibuprofen in silicone and human skin as well as in the vehicle itself.